







































Green's Function for a Neutron in Interaction with a Straight
Current Carrying Wire

Rafael de Lima Rodrigues
a)
Departamento de Cie^ncias Exatas e da Natureza
Universidade Federal da Paraba
58.900-000 { Cajazeiras, PB { Brazil
Departamento de Fsica Universidade Federal da Paraba





Universidade Federal do Rio de Janeiro
21.945-970 - Rio de Janeiro, RJ { Brazil
Abstract
We construct an integral representation for the momentum space Green's
function for a Neutron in interaction with a straight current carrying wire.
PACS numbers: 11.30.Pb, 03.65.Fd, 11.10.Ef

This research was supported in part by the Brazilian Research Agencies CNPq and Finep.
1
Consider an electrically neutral spin 1/2 particle of mass M and a magnetic moment ~
(a Neutron) in interaction with an innite straight wire carrying a current I and located
along the z-axis. The magnetic eld generated by the wire is given by (we use units with











where x; y are cartesian coordinates in the plane perpendicular to the wire. The Hamiltonian



























The problem formulated above has a dynamical symmetry [1]. From the form of the





































; (i = 1; 2) (5)












































where ;  = 1; 2; 3. Thus J

generate the algebra of SO(3) in the space of negative energy
eigenstates of H. For the space of positive energy eigenstates of H we change  E to +E in
above and get the commutation rules of the SO(2,1) algebra.
The SO(3) dynamical symmetry leads to an accidental degeneracy in the bound state



















































;    and m =  j; j + 1;    ; j; which exhibits the (2j + 1) fold degeneracy
explicitly.
It may be mentioned that even if the bound state spectrum is deduced on the basis of
dynamical symmetry it is dicult to use it for the construction of wave functions in the
coordinate representation which have an ackward form. As in the case of the Coulomb
problem the momentum representation allows us to use the dynamical symmetry in an
elegant manner.
As an example we formulate and solve the integral equation for the Green's function
G(~p; ~p
0
) in momentum space. The calculation follows Schwinger`s [4] technique for the
Coulomb Green's function except for one important modication.












ln j~p   ~p
0






























The momentum space Green's function G(~p; ~p
0




































(i = 1; 2; 3) are the well known Pauli matrices and "
12












is real and negative (p
0






































It is convenient to treat (n
0
; ~n) as a three dimensional vector n. Here and in the following
three dimensional vectors will be written without the vector symbol. The scalar product of






























































det( 1  M) (21)














Since for a matrix N
ln detN = tr lnN (23)
we get
ln det( 1  M) = ln n
0
(24)
where we use the property
M
2




































































































































































which looks covariant under 3-dimensional rotations due to the notational artice.
The introduction of the matrices
^
U(n) although permitted would appear to be redundant.




) would not display in a convenient fashion
the dependence on the 3-vectors n and n
0
, although the left hand side of equation (33)
should do so. We determine
^




) satisfy a dierential equation where
its rotational invariance is obvious.
We note that




























































































































The right hand side of equation (37) suggests the use of polar coordinates, hence if the
polar angles of (n
0




























































invariant too. The unique candidate in that case is the operator a+ b:L where a and b are
constants. We choose
^





























term (apart from other addicional terms without derivatives).





































































U(n) = 1 + :L: (44)
Hence



















































) in a closed form it is convenient to rewrite it in terms of the











and J = L + S are known to be Y

jm




( 1 + :L)Y

jm









































































































This gives the bound state energies which are same as before. The unnormalized bound


















) which in turn leads to one for the Green's function G(~p; ~p
0
).















































valid for n > 1. Although each form of the identity leads to a dierent looking integral














































Using the explicit forms of Y

jm






























































































































(I( )  I() + I(1 + )  I(1  ))
+ip
0
~ ^ (~p  ~p
0
)(I() + I( ) + I(1 + ) + I(1  ))g
where p
0

















































In conclusion we have obtained an integral representation for the Green's function for a
Neutron in interaction with a linear current. The results were deduced for the case E < 0.
By analytic continuation to E > 0 one can identify the scattering amplitude if the distorted
free propagators can be identied. In contrast to the Coulomb problem it is not easy to solve
the scattering problem in the coordinate representation by separation of variables. Although




is indicated many details need to be
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